Abstract--Foliage from the pepper tree, Schinus molle L., is traditionally used in Ethiopia to "repel" house flies, Musca domestica L. The volatile extracts of pepper tree leaves were shown to have repellent and feedingdeterrent activity against house flies in a two-choice laboratory bioassay. Highperformance liquid chromatographic fractionation of steam-distilled volatiles from leaves, monitored by laboratory bioassays, demonstrated that bioactivity is associated with two compounds, cis-menth-2-en-l-ol and trans-piperitol. The absolute configuration of the latter was established as (IS,6S)-pipefitol by comparison of acetyl lactate derivatives. Racemic compounds were synthesized from piperitone, and bioassays with house flies indicated trans-piperitol to be the most active house fly repellent,
INTRODUCTION
The pepper tree, Schinus molle L. (California or Australian pepper tree, Peruvian or American mastic tree) (Anacardiaceae), is native to the Peruvian Andes (Heywood, 1982) and is widely grown in tropical and subtropical countries (Zeven, *To whom correspondence should be addressed.
1982). The tree grows 6-10 m high with a 60 to 90-cm-diameter trunk. The foliage consists of 12 to 20-cm-long, pinnate, feathery, green leaves. The flowers are yellow-white and develop into red fruits (drupes) (Graf, 1981) .
Foliage of the pepper tree is reported to be a traditional source of repellents for house flies, Musca domestica L., in Ethiopia and some rural people drape branches and leaves over their heads to repel house flies. Pepper tree leaves are spread on eating tables, and occasionally in slaughter houses and meat-processing areas. A number of investigators have identified several chemical constituents of pepper tree volatiles (Aziz- Ur-Rahman et al., 1974; Bernhard et al., 1983; Delvalle et al., 1987; Dominguez et al., 1971; Hashim et al., 1980; Navarrete et al., 1989; Talenti et al., 1989) , none of which has been reported as a repellent for house flies.
On the basis of Ethiopian tradition, our objective was to investigate the hypothesis that volatile chemical house fly repellents are present in the pepper tree. The hypothesis was strengthened by the results of preliminary field bioassays (conducted by K.N.S., J.H.B., and T.A.), which showed that chopped leaves and berries of pepper trees, and crude ethanolic extracts thereof, were repellent to house flies in Ethiopia. This paper reports the laboratory bioassay, isolation, and identification of candidate house fly repellents from pepper tree leaves (Wimalaratne, 1993) .
METHODS AND MATERIALS

Preparation of Pepper Tree Extracts
Fresh pepper tree leaves were obtained from 1 to 2-year-old trees grown in a greenhouse at Simon Fraser University, British Columbia, Canada. Shoots with matured leaves were separated intact from the trees, and were stored in sealed polyethylene bags at -20°C. Pepper tree leaves (400 g) were blended with distilled water (1500 ml) until a pulp was formed. Leaf volatiles were extracted into pentane from the macerated pulp using a modified Likens-Nickerson simultaneous distillation-solvent extraction drive (Flath and Forrey, 1977) over a period of 6 hr. The pentane extract was dried over anhydrous Na2SO 4 and filtered. The filtrate was concentrated by distillation of the pentane through a Dufton column, and the residual solvents were removed by aspiration with nitrogen.
Bioassay
A two-choice laboratory bioassay was developed in which wooden cages (16 x 16 x 13 cm) were used as bioassay chambers. The back wall of each cage was a fine plastic screen and the front wall was a transparent Plexiglas sheet with central hole (2 cm diam.), through which insects were released into the cage and which was then closed with a cork. The plastic sheet could also be raised, providing a means to place baits and water vials in the cage and to remove dead flies. A water vial with a cotton wick was kept inside the cage to maintain high relative humidity and to provide drinking water for the flies.
Two glass cover slips (2.2 x 2.2 cm) served as bait stations. Prior to bioassays the center of each cover slip was treated with a 50-t~l drop of sucrose solution (sucrose-water 1 : I w/v); heating to dryness at 60-70°C in an oven left a sugar coating on the glass. Newly emerged adult house flies were obtained from the insectary at Simon Fraser University, British Columbia, Canada, For each bioassay replicate, 20 laboratory-reared, randomly selected flies (mixed sex and age) were released into a cage and held without food for 1 hr. One bait station was treated with the test stimulus (25/zl), and the other with solvent (25 /zl). After evaporation of the solvent, the bait stations were placed 10 cm apart on the floor of the cage. The number of sustained fly contacts > 10 sec on both bait stations were counted for 6 rain. The proboscis was usually extended on such contacts. Each treatment was assayed with five groups of 20 flies each at room temperature and humidity. Bioactive constituents characteristically induced flies that made contact with the treated substrate to depart immediately (repellency), but if contact was sustained, extension of the proboscis and feeding was sometimes also repressed (deterrency) (Nordlund, 1981) . Because the former response predominated, for convenience we refer to the combined effect as repellency.
Bioassay experiments were conducted to test the activity of steam-distilled volatile extracts, fractions, and two synthetic candidate repellents, cis-menth-2-en-l-ol (I) and trans-piperitot (II) (Figure 1 ). Known weights of racemic samples of I and II diluted in distilled hexane were assayed on house flies. Three series of experimental samples were prepared with I and II individually and a 1 : 1 w/w mixture of I and II. Dose-response experiments were conducted to determine the minimum quantity of each compound separately, and in combination, required to elicit significant repellency. Percent responses (pooled data for the five groups of flies) to experimental stimuli were compared to those to crude extract stimuli by a z test (e~ = 0.05) (Zar, 1984) ,
Isolation and Identification of Repellents
Gas-liquid chromatographic (GC) analysis was performed on a HewlettPackard 5880A gas chromatograph equipped with a DB-1 fused-silica capillary column. Matching retention times for isolated active components and authentic samples were performed on a Hewlett-Packard 5890A gas chromatograph using both DB-1 and DB-23 fused-silica capillary columns, Fractionation of the steam-distilled volatile extract of pepper tree leaves was performed on a Waters LC625 high-performance liquid chromatograph (HPLC) at 1 ml/min with a Waters 486 variable wavelength UV-visible detector system set at 280 nm.
Electron impact ionization mass spectra (MS) were obtained on a HewlettPackard 5985B GC-mass spectrometer. NMR spectra of synthesized compounds were recorded with a Bruker 400 MHz instrument after D20 exchange and chemical shifts were reported in parts per million (ppm). Infrared (IR) spectra were obtained on neat samples (NaCI plates) with a Perkin Elmer 1600 FTIR instrument.
Fractionation of Repellent Extracts
The crude extract of pepper tree leaves was fractionated by HPLC on a Nova pak silica column in a nonlinear step-gradient program to give seven fractions (5 ml each, ether-hexane: 1% at 5 rain, 5% from 5 to 10 rain, 10% from 10 to 15 min, 15% from 15 to 20 rain, 20% from 20 to 25 min, 30% from 25 to 30 rain, 100% from 30 to 35 min). Fractions to be subjected to GC analysis were concentrated by evaporation under a stream of nitrogen with ice cooling and were bioassayed on house flies. The behaviorally active fourth fraction obtained with 15% ether-hexane was refractionated by HPLC on a reverse-phase Nova pak Ct8 column (10 fractions, 1 ml each, water-acetonitrile: 15% isocratic for 10 min). Fractions were extracted into pentane, analyzed by GC, and bioassayed. The behaviorally active fourth fraction was refractionated by HPLC on a Nova pak CN-HP column (20 fractions, 0.5 ml each, X-220 nm, 0.5 ml/min, ether-hexane: 1% at 2 min, 1% to 11% from 2 to 20 min). Fractions were analyzed by GC and bioassayed.
Microscale Analysis
Authentic samples of (1R,2S,5R)-(-)-menthol, (1S,2R,5R)-(+)-isomen-
thol, and (1S,2R,5S)-(+)-menthol were obtained from Aldrich Chem. Co., Milwaukee, Wisconsin.
Acetylation. The partially concentrated final active fraction was treated with an excess of acetic anhydride (0.3 ml), pyridine (0.3 ml), and 4-dimethylaminopyridine (-5 mg) and stirred overnight at room temperature. The reaction was quenched by adding water and the mixture extracted into hexane (4 x 0.5 ml). The hexane extract was washed successively with 10% HC1 (5 x 0.5 ml), water (2 x 0.5 ml), saturated NaC1 (0.5 ml), and dried over anhydrous Na2SO4, filtered, and concentrated. Product identity was confirmed by matching GC retention times with standards on DB-1 and DB-23 columns of different polarity and GC-MS fragmentation patterns.
Hydrogenation. Hydrogenation of the final active fraction was carried out in a thick-walled Reacti-vial (1 ml) equipped with a tight-fitting Teflon-lined septum. A mixture of the hexane-ether solution of the behaviorally active sample and 10% palladium on carbon (-2 mg) was pressurized with hydrogen and stirred for 1 hr. The product was filtered through glass wool and concentrated. Identification of the products was made by matching GC retention times with standards and GC-MS fragmentation patterns.
Hydrogenation of acetylated products of behaviorally active fractions and acetyl lactyl derivatives of synthetic trans-piperitol (II) [trans-3-methyl-6 -(1-methylethyl)-2-cyclohexene-l-ol] were conducted according to the same procedure.
Oxidation. To the sample in dichloromethane (0.4 ml) a small amount of pyridinium chlorochromate (PCC, -50 mg) was added and stirred for 2 hr at room temperature (Corey and Suggs, 1975) . The mixture was diluted with anhydrous ether (0.25 ml), filtered through Florisil and concentrated. Chiral Determination Using Ace~l S-Lactyl Chloride. Preparation of acetyl lactyl chloride (AclacC1) reagent and derivatization of compound II in the concentrated final behaviorally active fraction and synthetic standards were carried out as reported by Slessor et al. (1985) . Separation of prepared acetyl lactyl derivatives of trans-piperitol was performed by HPLC using a Nova pak silica column (k-220 nm, 5 % ether/hexane isocratic).
Synthesis of cis-and trans-Piperitol (11)
Piperitone (ICN, Inc., Costa Mesa, California) was reduced with LiA1H4 to provide a mixture of cis-and trans-piperitol (Wheeler and Chung, 1969) .
The crude product was separated by column chromatography (Alumina, Fisher, 80-200 mesh) with pentane, ether, and methanol. The ratio of cis and trans unsaturated alcohols was 33 : 67, and the former eluted with pentane-ether (1 : 1), whereas the latter eluted with ether-methanol (6:4).
The first eluted cis-alcohol showed 99% purity by GC and exhibited the following spectra: IR (film) 3373, 2927, 2869, 2724, 1673, 1473, 1448, 1383, 1233, 1159, 1129, 1046, 1022, 956, 902, 847, 802 The trans-alcohol (II) was 99% pure by GC and exhibited the following spectra: IR (film) 3318, 2930, 2871, 2724, 2341, 1676, 1466, 1434, 1384, 1297, 1232, 1158, 1049, 1027, 985, 899, 840 
Synthesis of cis-Menth-2-en-l-ol (1)
The resulting cis-piperitol was converted to compound I by acid catalyzed rearrangement as reported for amitinol (Francke et al., 1980) . A solution of 0.5% BF 3 in CH~Ct 2 (150 ml) at -78°C was added, with stirring, to a solution of cis-piperitol (0.5 g, 0.003 mol) (obtained from the previous experiment) in CH2CI 2 (5 ml). The mixture was stirred for 2 hr at about -40°C. The reaction was monitored by GC every 15 rain. The reaction was quenched with water (100 ml), and the organic layer was separated. The aqueous layer was extracted with CH~CI z (2 x 25 ml). The CH2CI 2 extract was washed with water (4 x 25 ml), saturated NaHCO 3 (25 ml), and saturated NaC1 (25 ml), and dried over anhydrous Na2SO 4. The solvent was partially removed on a rotary evaporator.
The mixture was treated with excess acetic anhydride (20 ml) and pyridine (15 ml) and was stirred overnight at room temperature. The reaction was quenched with water (50 ml) and the mixture extracted with hexane (4 x 25 ml). The hexane extract was washed with water (6 x 25 ml), and saturated NaCI and dried over anhydrous Na2SO 4. The solution was filtered, evaporated and chromatographed on a silica gel column with hexane-ether (8 : 2), yielding 0.13 g of product with 99% purity by GC. This product exhibited the following spectra: IR (film) 3353, 2959, 2871, 1744, 1726, t643, 1464, 1384, 1368, 1230, 1206, 1170, 1122, 1105, 1084, 1063, 1012, 996, 968, 944, 906, 863, 818,807,734 cm-I; role (relative intensity); 154(M t 6.4), 139(39), 136(17.5),
121 (30), 111(38), 107(8), 97(13), 96(12), 95(25), 94(45), 93(65), 92(17), 91(29), 86(6), 84(33), 83(33), 82(7), 81(44.5), 80(9.5), 79(64), 78(8), 77(37), 71(65), 70(7), 69(55), 68(8), 67(27), 66(6.5), 65(14), 58(12), 57(6), 55(31), 53(11.5), 51 (7), 45(5) Analysis of the acetylated product of the behaviorally active traction by GC indicated two major detector responses, one at a retention time identical to compound I and another with a retention time (6.70 min) later than compound II. The mass spectrum of the early retention compound was identical to that of compound I, indicating that compound I had not been acetylated and was suggestive of a tertiary alcohol, whereas the acetylation of compound II was suggestive of the presence of a primary or secondary alcohol.
Hydrogenation of the biologically active traction showed three major GC peaks (3.98, 4,45, and 4.66 min), all of which were different from the I and II. Only the earliest-eluting peak was identical to that obtained from hydrogenation of the acetylated fraction, indicating that it was derived from the unace-
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Piperitone ( tylated tertiary alcohol, I. The presence of only one hydrogenated product from ] seemed to infer a disubstituted ring double bond, which would not lead to stereoisomers on reduction. The secondary alcohol, II, on the other hand, generated two stereoisomers, indicating the presence ofa trisubstituted double bond.
One of the products of the hydrogenation of I1 gave GC retention (4.45 min) and MS data identical to menthol (III, Figure 1) , providing a ring size and substitution pattern for II. Oxidation of I and II produced a single product whose GC retention times (5.39 min) and MS fragmentation pattern was identical to piperitone (IV, Figure I ). The secondary alcohol (II) present in the behaviorally active fraction must therefore be trans-piperitol.
The hydroxyl group of piperitol migrates between the C-1 and C-3 positions in acidic media (Clark et al., 1977) , suggesting either cis or trans-menth-2-ent-oi as the structure of the tertiary alcohol I. Synthetic cis-menth-2-en-l-ol and trans-piperitol showed identical GC retention characteristics on two different column phases (DB-1 and DB-23) and gave identical MS fragmentation patterns to the two behaviorally active alcohols | and II.
Determination of Chiralit3~ of trans-Piperitot.fi'om Pepper Trees.
The acetyl-lactated product of synthetic trans-piperitol (VII, XII, Figure 2 ) showed two signals in the gas chromatogram. Hydrogentation of HPLC separated diastereomers (VIII, XIII, Figure 2 ) each generated two compounds (IX and X, XIV and XV, Figure 2 ) with distinct GC retention times (DB-1 column, 30 m × 0.25 mm ID, 145°C isothermal, 5.10, 5.25, 5.19, and 5 .31 rain for IX, X, XIV, and XV, respectively) and appropriate MS fragmentation patterns. GC retention times and MS fragmentation of the products IX, XIV, and XV corresponded to those of the acetyt lactates of authentic samples of (IR.2S,5R)-(-)-menthol (XVI), (1S,2R,5S)-( +)-menthol (XVII), and (IS,2R,5R)-( +)-isomenthol (XVIII), respectively, indicating that compounds XIII and VIII were the acetyl lactates of (1R,6R)-piperitol and (IS,6S)-piperitol. Derivatization of the final behaviorally active fraction produced a single product that was identical in GC retention time and MS fragmentation to that of compound VIII, Hydrogenation of VIII, derived from the natural compound II, produced two products identical with those of compounds IX and X, respectively. These results established the structure of compound II to be (IS,6S)-piperitol.
Bioassay of Synthetic Compounds. Synthetic compounds cis-menth-2-en-1-ol (I) and trans-piperitol (II) had both repellent and feeding deterrent effects on house flies, eliciting maximum response at doses of 1 and 0.1 rag, respectively (Table 1 ). The latter repressed both sustained contacts and extension of the probosis for the full 6-min test period, whereas the former induced such a maximal response for only 4 rain at the 0.1-mg dose. Thus, trans-piperitol appears to be the major repellent in steam-distilled volatile extracts of pepper tree leaves. cis-menth-2-en-l-ol) , il (trans-piperitol) and t : 1 ratio mixture of 1 and I1. ~'Significant differences (z test) from those to the crude pepper tree oil indicated by **P < 0.01 or ***P < 0.001. A higher response was observed for the binary mixture of the alcohols than for the individual compounds, eliciting maximum response to 0.05-rag doses, and complete repellency for 4 Tin to 0.01-rag doses. Volatility and evaporation of the pure alcohols is the likely cause of the decline in activity observed at low concentrations in comparison to extracts that contain many other components acting in a "keeper" role.
Practical Implications. The bioactivity of I and II suggests that they could be the basis for the folkloric use of cut pepper tree leaves and branches to repel house flies in Ethiopia. However, their volatility and hence short-lived activity in pure form indicates that they would need to be prepared in a very wellcontrolled, slow-release formulations to have any practical utility. It has recently been found that a powder made from green pepper tree berries can protect bean seeds, Phaseolus vutgaris L., for at least three months from infestation by bruchid beetles (T. Abate, unpublished results). This finding suggests that I and II released at slow rates from the green seed powder could have repellent properties for insects other than house flies. Alternatively, there may be additional volatile or nonvolatile components in pepper tree berries that have potential practical use as insect repellents.
